Introduction
Recent health reform efforts offer many segments of the US population at highest risk for developing chronic conditions opportunities for improved and coordinated medical care through new insurance coverage and innovative care arrangements. Yet, with some notable exceptions, health reform measures did not go far enough to systematically identify metrics to support the development of policies and the allocation of resources for populations at risk for chronic conditions. Research has demonstrated that social determinants are associated with the disproportionate development of chronic conditions and challenges encountered when managing them; this is particularly true of Type 2 diabetes, which will be used to illustrate concepts throughout this article. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Clinical interventions have consistently evolved to improve disease management, particularly as a growing number of clinicians recognize the importance of social determinants of health (eg, income, education, housing, and access to nutritious food) and their contribution to health disparities. [12] [13] [14] [15] [16] However, to further challenge the underlying nonmedical social and environmental contributors to chronic conditions, a focus on the individual within a systems perspective is necessary. On a systems level, this requires two vital building blocks: 1) data that accurately capture social determinants of health, and 2) policies that both intersect public health principles and practice and promote linkage of social determinants to health care delivery. Although part of the structure to fulfill these requirements already exists, the multifactorial complexity of chronic conditions, such as Type 2 diabetes, requires additional targeted activities to further advance efforts to prevent and to manage them.
Diabetes as a Public Health Issue
In 2010, Type 2 diabetes accounted for more than 95% of the 25 million patients with diabetes in the US, and an additional 79 million individuals were estimated to be prediabetic. 17, 18 In 2007, the annual economic burden of diabetes was estimated at $174 billion, with $116 billion in excess medical expenditures and $58 billion in reduced productivity. 17 Diabetes also takes a toll on the health care system, as 1 in 10 health care dollars is attributed to it. 18 Average medical expenses for patients with diabetes are nearly twice as high as those for patients who do not have diabetes. 18 Additionally, Type 2 diabetes is more prevalent in minority races and ethnicities, as evidenced by Hispanics having a 66% greater risk, and non-Hispanic blacks having a 77% greater risk for developing it than non-Hispanic whites.
17,18
As Type 2 diabetes approaches an epidemic level in our country, its increase is typically attributed to biologic characteristics and behavioral influences (further discussed in the Influence of Social Determinants on Type 2 Diabetes section). 19 Biologic factors are related to genetic predispositions for the condition or treatment for other medical conditions and include factors such as age, family history, testosterone deficiency, and use of atypical antipsychotics or statins. [19] [20] [21] [22] [23] Behavioral influences include factors such as physical inactivity and inadequate sleep. 1, 2, 19, 24 Although complex, the relationship between Type 2 diabetes and obesity is multifactorial and can further complicate prevention and management. 25 Type 2 diabetes is also associated with many other comorbid complications, such as hypertension, cardiovascular disease, stroke, kidney failure, and blindness, further intensifying health care utilization and associated expenditures. 17 With nearly 2 million new cases diagnosed annually, Type 2 diabetes is a costly public health issue that challenges our capacity to respond at the patient level in a comprehensive and systemwide manner.
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Social determinants of health are the conditions in which individuals are born, grow, live, work, and age. Increasingly, they are being recognized for their relationship to the soaring incidence of Type 2 diabetes in the US, as well as the opportunities they present for us to counter it. Many current Type 2 diabetes interventions focus on biologic and behavioral factors, such as symptoms, diet, and physical activity. However, it is equally important to address the influence of physical and social environments, which may include low income, employment insecurity, low educational attainment, and poor living conditions, on health outcomes. Section 4302 of the Patient Protection and Affordable Care Act of 2010 offers an opportunity to improve data collection and policy development to more effectively identify populations at high risk for developing Type 2 diabetes and to proactively refer them to appropriate social support services that may ultimately support reduction of health disparities. Expanding the scope of this legislation to include data that incorporate social determinants would improve the ability of clinicians and health systems to engage and to treat patients with chronic conditions, such as Type 2 diabetes, while expanding policymakers' ability to conform to the legislation's intent of shaping efforts to reduce chronic conditions nationwide.
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Current Type 2 Diabetes Interventions
In the absence of a cure for Type 2 diabetes, conventional treatment strategies have typically combined clinical interventions that manage the condition or minimize symptoms with behavioral modifications, including dietary improvements, increased physical activity, and closely monitored medication regimens. 12, 18, [26] [27] [28] In the short term, these efforts aim to lower blood glucose levels, while long-term goals are centered on mitigating further complications, morbidity, and premature mortality associated with the condition. 19 Research has demonstrated that the contributions of clinical factors and behavioral choices to prevention and management of Type 2 diabetes do not adequately explain poor diabetes-related health outcomes, particularly among those with lower socioeconomic status. 28, 29 Some approaches to prevention and management of Type 2 diabetes have attempted to address selected barriers that stem from social determinants, such as, culturally adapted interventions, community health workers, and financial assistance for clinical treatment and behavioral changes. [12] [13] [14] [15] [16] In other notable approaches to care delivery, such as the Chronic Care Model, clinical supports are paired with a more holistic view of chronic condition management, particularly with respect to promoting the use of community resources to meet patient needs. 30 Although this model calls for clinical information systems, it does not discuss the importance of collecting and assessing information on the nonmedical factors that contribute to chronic conditions. Many Type 2 diabetes interventions are limited in their capacity to account for the influence of physical and social factors (such as low income, employment insecurity, low educational attainment, and poor living conditions) on behavioral practices. 1, 3, 28, 31, 32 If future interventions neglect to incorporate a broader social lens, they will fail to sustainably address the necessary population-based changes essential to mitigate the incidence and long-term effects of this condition for the patient and for society. To accomplish this, we must capitalize on the current gaps in Type 2 diabetes prevention and management by systematically collecting data on nonmedical factors and using this information to enhance health policies and current interventions.
The Influence of Social Determinants on Type 2 Diabetes
Complex factors in the physical and social environments affect health. These elements, collectively known as the social determinants of health, 33 can be viewed as the primary influencers and best predictors of health outcomes at the individual and at the population level. 29, [34] [35] [36] [37] [38] [39] As evidenced by accumulated international and domestic research, social determinants (such as income, education, housing, and access to nutritious food) are central to the development and progression of Type 2 diabetes.
1-10 Moreover, the incidence and prevalence of Type 2 diabetes appear to be socially graded, as individuals with lower income and less education are 2 to 4 times more likely to develop diabetes than more advantaged individuals. 24, [40] [41] [42] [43] [44] If the role of social determinants is not sufficiently addressed in chronic condition management, they will continue to be a key barrier to the improvement of population health. 3 As illustrated in Figure 1 , Type 2 diabetes is part of a cyclical process: it both results from and contributes to adverse outcomes. Poverty and material deprivation, defined as a lack of resources to meet the prerequisites for health, may play a key role. 3 For disadvantaged individuals, the constant scramble to make ends meet results in high levels of chronic stress, spurring both psychological and biologic responses. 33, 45 Chronic stress can lead to increased depression and anxiety, reduced self-esteem, and decreased energy and motivation, which amplify the likelihood of self-destructive behaviors and choices (eg, tobacco use, excessive alcohol intake, and consumption of unhealthy foods). 34, 46 The physical manifestation of chronic stress leads to the negative consequence of allostatic load, which includes increased blood pressure, cortisol, and blood glucose levels, as well as impaired ability to effectively respond to future stressors. 35, 46, 47 Over time, these physiologic reactions, coupled with detrimental psychological responses, and behavioral practices increase the likelihood of obesity and Type 2 diabetes. 35 Type 2 diabetes can be particularly problematic among less advantaged patients for several reasons. First, the personal financial burden of increased health care costs can further intensify the effects of poverty, particularly because it consumes a greater portion of income (as compared with those who have greater financial resources). 48 Second, a disadvantaged individual may not have sufficient access to the resources necessary to manage the condition, such as adequate housing, nutritious food, and health care services. 5, 9 Third, diabetes can decrease an individual's productivity at work or limit educational attainment, particularly if left unmanaged, which can lead to further employment-related problems. 49 These conditions exacerbate the cycle of inequality, as they lead to further poverty, material deprivation, and social exclusion if disadvantaged individuals are left to fend for themselves. 50 Figure 1. The sociobiologic cycle of diabetes. 1 Social determinants of health encompass factors such as income, education, housing, and access to nutritious food. 2 Lifestyle factors incorporate dietary choices, physical activity levels, and access to primary health care services. 3 Biologic responses refer to increased allostatic load, cortisol, blood pressure, and blood glucose levels, while psychological responses connote increased depression and anxiety, as well as decreased self-esteem, energy, and motivation. 4 Managed condition implies individuals are able to ensure their diabetes is approximately controlled by clinical standards. 5 Social consequences include increased health care costs and employment complications, as well as decreased productivity and educational attainment potential.
Because the interactions between humans and their environment can be reciprocal, such that humans have the ability to both shape and be influenced by their environment, improving prevention and management of chronic conditions requires a coordinated, multilevel approach. [51] [52] [53] A recent Institute of Medicine (IOM) report entitled "Living Well With Chronic Illness" suggests combining interventions focused on meeting the needs of higher-risk population segments and individual patients to most effectively support strategies for preventing and managing Type 2 diabetes. 54 Focusing on the interrelated social causes that are at the root of health inequalities (Type 2 diabetes disproportionately affecting those with low socioeconomic status) is one approach that can be used to mitigate health disparities. By addressing the primary elements that affect individuals and lead to poverty, such as low income and employment insecurity, low educational attainment, and poor living conditions (Figure 1 ), population-based approaches for the management and prevention of Type 2 diabetes become sustainable. 1, 32, 43, 46, 48 Reducing these inequalities benefits society, health systems, and clinicians from public health, ethical, and economic standpoints. 4 Capitalizing on the central role of data collection in guiding policy to effectively support clinical practice in the allocation of health and social support resources is critical to comprehensively address the nonmedical characteristics affecting human health. 55 
Systematic Collection of Social Determinants Data
Investing in social support policies that improve income instability, low educational attainment, inadequate housing, and food insecurity is essential to enhance the impact of clinical interventions and overall health outcomes, particularly with regard to Type 2 diabetes. 1, 32, 46, 56, 57 To guide local, state, and national policies that address health disparities resulting from social determinants, we must first measure the nonmedical factors that contribute to the development of chronic conditions. The Patient Protection and Affordable Care Act of 2010 (PPACA) has further expanded support for those with financial constraints and preexisting conditions through improved access to health care services in the US. 58 Additionally, the PPACA has recognized the need for more comprehensively assembled national data to measure and address racial and ethnic health disparities. Section 4302 of the legislation requires the standardized collection of data in five categories of nonmedical factors (race, ethnicity, sex, primary language, and disability status) by all federally funded or federally sponsored population health surveys and health entities, such as Medicare, Medicaid, and the Children's Health Insurance Program. 59 According to the Department of Health and Human Services, the purpose of uniformly gathering and reporting these data is to improve the ability to identify health disparities and ultimately develop interventions to better address them. 60 Although these national data standards may prove beneficial in addressing the problem, Section 4302 falls short in the effort to collect the data necessary for adequate and sustainable reduction of health disparities. In addition to the five mandated categories, research supports linking social variables to health disparities associated with the development of chronic conditions, such as Type 2 diabetes.
3,6,29 If four additional categories related to social determinants-income, education, housing, and food securitywere included as national data standards, both health systems and policymakers could use these data in ways that more fully conform to the intent of the legislation. Questions from these categories, detailed in Table 1 , could also be considered prototypes for inclusion in other population-based data survey systems, as they were validated and derived from the American Community Survey and the Food Security Survey component of the Current Population Survey. 61, 62 Although the US collects some data on social determinants in current population-based health surveys, such as the National Health Interview Survey and the Medical Expenditure Panel Survey, the information is collected as part of a statistical sample. Our suggested additional questions could be used at the individual level and linked with health conditions to make more accurate, real-time clinical and health system decisions. The recommended additional categories and corresponding questions complement current data collection and reporting standards and provide a more comprehensive picture of the extent to which sociodemographic conditions affect health outcomes.
With the abundance of research linking social determinants of health to the development of Type 2 diabetes and other chronic conditions, the omission of these recommended variables from Section 4302 is perplexing. There may have been concerns about the validity of self-reported data, the ability to effectively measure data in these additional categories, the cost of mandating collection of data with additional questions, or the slippery slope of asking sensitive questions that could potentially be viewed as intrusive. However, the US has a long tradition of relying on self-reported data, as evidenced by the decennial census. 63 The recommended additional categories and questions are derived from current research-validated surveys and can be used in a de-identified format 
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Policies to Address the Social Determinants of Type 2 Diabetes
Expansion of standardized data collection under recent PPACA legislation can result in more effectively realizing the effect socioeconomic disparities have on the development of chronic conditions in the US. Future sustainable Type 2 diabetes interventions must incorporate horizontal and vertical polices anchored in integrated data, such as the recommended data categories described here, to address the complex relationship between Type 2 diabetes and social determinants of health. Horizontal policies, which seek to improve health through condition-specific interventions, should incorporate this enhanced data in the health system to more comprehensively address the multiple social risks individuals with Type 2 diabetes experience. Vertical policies that aim to improve social and economic standing should be rooted in this integrated data to advance understanding of the link between social factors and chronic conditions, ideally leading to systemic modifications to mitigate adverse effects of chronic conditions. 65 Past Type 2 diabetes interventions have primarily focused on horizontal policies; however, the swiftly growing public health problem of diabetes necessitates additional investment of resources and research in vertical policies.
Current horizontal policies could expand upon conditionspecific interventions by first gathering the recommended data for use in health care organizations and clinical settings. In terms of Type 2 diabetes management, this additional data could ideally be systematically collected for each patient and incorporated into electronic medical records. Health care organizations could use these data to strategically connect information about the social environment and health conditions of patients, thereby enabling longitudinal analyses linking social determinants to the development of Type 2 diabetes and other chronic conditions. Similarly, clinicians could begin to tailor self-management recommendations to individual patients' needs, particularly in terms of income, education, housing, and access to nutritious food. For example, understanding the extent to which an individual's income is sufficient to provide for household members, or whether an individual can afford to eat or has access to balanced meals can be important information for the clinician. Such information would also be critical to developing an appropriate referral and decision-support system necessary to manage chronic conditions and reduce poor health outcomes at the population level.
Vertical policies should connect clinical resources with broader social support services and would ideally originate with concerted data collection efforts by health systems and state and federal governments. It can be difficult for clinicians to factor the effect of these services into their treatment decisions without added guidance from health systems and policymakers, who have the ability to develop the broader approaches needed to mitigate adverse health effects of social determinants. By building upon the "health in all policies" approach endorsed by the IOM, vertical policies rooted in the recommended integrated data also recognize the important interrelationships between health and government policies. 54 These data could be critical to connect vulnerable populations with the necessary resources that have the potential to alter detrimental sociobiologic processes that foster complex chronic conditions, such as Type 2 diabetes. Health systems and governments could also use these comprehensive data to guide the development of system policies, resource allocation, referral processes, and partnerships with community organizations and social support programs.
The greatest impact of horizontal and vertical policies can be realized when both types of policies are used to complement one another. For example, at the clinic and health care organization level, horizontal policies could initiate collection of the recommended data for each patient and incorporate it into electronic medical records. Innovative managed care organizations could then develop vertical policies that use this information to proactively identify patient populations that may particularly benefit from strategically placed resources to better manage their health. These efforts could conceptually align with integrated care models (such as patient-centered medical homes, community-oriented primary care centers, and accountable care organizations) that seek to integrate health and social services for patients who are at higher risk for developing Type 2 diabetes or who are having difficulty managing the condition.
These patient-centered models of care delivery use a teambased approach focused on the needs of patients and, when appropriate, their families. Depending on the practice, this team could include primary care physicians, nurse practitioners, physician assistants, mental health practitioners or behavioral health specialists, social workers, care coordinators, pharmacists, palliative care clinicians, physical and occupational therapists, community health workers, and other professionals offering support services in the broader community. 66 Because the care team is diverse and extends into the community, readily available data about patients' income, education, housing, and food security could be used by clinicians and health systems to proactively refer patients and their families to appropriate resources. This includes, but is not limited to, social workers who can assist in obtaining subsidized health insurance for those with low income, health educators who can provide assistance to those with low health literacy, social support services to help find adequate housing for those who need more stable home environments, and local public health or community resources to assist in ensuring adequate access to healthy and nutritious food.
Discussion
To assess which health and social policies are ultimately the most successful in mitigating Type 2 diabetes, data collection and research capacity in the US should be strengthened to collectively analyze social, economic, and biologic factors more effectively. 32 Collection of standardized and comprehensive sociodemographic and health data allows clinicians, health systems, researchers, and policymakers to better understand the effects of these factors on US health outcomes, particularly with regard to Type 2 diabetes. Integrated data can inform health systems and policymakers about the considerable extent to which these factors ultimately influence poor health status, particularly with regard to chronic conditions. Most significantly, these data will enable more effective and proactive identification of levers of change to guide the allocation of limited resources, set objectives and targets for interventions, plan effective treatment, refer patients to appropriate social resources, and comprehensively evaluate the effectiveness of health and social policy interventions at both patient and systemwide levels. Integrating these recommended data categories into a seamless data collection effort at the individual clinic and health system level through expanded horizontal policies can promote greater recognition of the influence of social determinants on health conditions such as Type 2 diabetes. Additionally, these data serve as an impetus for developing vertical policies that foster broader, more integrated interventions affecting both clinical outcomes and patient well-being on a more concerted basis.
As the IOM suggests, addressing health-related socioeconomic factors increases both the sustainability and impact on overall health of efforts to prevent and manage chronic conditions, particularly Type 2 diabetes (Figure 1 ). According to the IOM, "an aligned system with a strong interface among public health, health care, and the community and nonhealth sectors could produce better prevention and treatment outcomes for populations living with chronic illness." 54 Measurement of population health and socioeconomic influences on health outcomes has traditionally been the role of public health agencies. However, innovative models of care delivery (such as patient-centered medical homes and accountable care organizations) recognize the importance of measuring and improving community health outcomes as integral to prevention and management of chronic conditions. The rapid expansion of Type 2 diabetes and other chronic conditions in the US increases society's need for reliable data, beginning with standardized data collection that incorporates patient-level measures of social determinants of health. In turn, these data can be analyzed to ensure policies and practices at both organizational and system levels are allocating limited resources to mitigate the impact socioeconomic disparities have on the development and management of chronic conditions in the US. v
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